Background: The functional benefits of double-row (DR) versus single-row (SR) rotator cuff repair are not clearly established.
functional outcomes with DR repairs in patients with tear sizes greater than 3 cm. 20, 21 Most randomized controlled trials (RCTs) comparing DR with SR rotator cuff repairs have used standardized questionnaires as the primary measure of functional outcome. [1] [2] [3] [7] [8] [9] 13 Some of these RCTs have examined shoulder strength, 2, 3, 8, 9, 13 but in only 1 8, 9 or 2 muscle groups. 2, 13 The only RCT to look at multiple muscle groups 3 reported results relative to the contralateral arm. However, bilateral pathology is common in this patient population, and in long-term follow-up, the contralateral side does not represent a stable control. Thus, a comprehensive assessment of strength recovery after DR compared with SR rotator cuff repair is lacking. Additionally, RCTs have not examined outcomes in terms of the signs and symptoms commonly assessed in this patient population. The effectiveness of DR versus SR repair in resolving impingement signs or normalizing tests of rotator cuff integrity has not typically been examined in RCTs.
Therefore, the purpose of this RCT was to compare functional outcome between DR and SR in terms of standardized outcome scores, comprehensive shoulder strength recovery, and standardized clinical tests of rotator cuff integrity and symptomatology.
METHODS
Patients presenting or referred to the authors (S.J.N. and S.J.L.) with complaints of shoulder pain or loss of function underwent evaluation and treatment of their involved shoulder. Diagnosis of rotator cuff tear was made based on history and clinical examination and confirmed by magnetic resonance imaging (MRI). The study was approved by an institutional review board, and patients provided written informed consent.
Patient Selection
Inclusion criteria included the following: a full-thickness rotator cuff tear >1 cm as seen on MRI, ability to comply with the standardized rotator cuff physical therapy program, willingness to be randomized to an SR or DR repair, and a tear pattern that was amenable to repair with either SR or DR fixation when evaluated at the time of surgery (eg, some complex tears or long-standing, retracted tears with poor tissue quality could not be repaired). During the surgical procedure, satisfaction of inclusion criteria was confirmed based on the operative findings. Exclusion criteria were revision rotator cuff repair, any neurological involvement, and presentation of trophic changes of the involved tendon.
Clinical Evaluation
Preoperative and postoperative clinical evaluations were performed by independent physical therapists with at least 7 years of orthopaedic clinical experience. These evaluators were blinded to the surgical repair technique performed. Evaluations were performed 1 to 2 weeks prior to surgery and more than 1 year postoperatively. Outcome measures used included the American Shoulder and Elbow Surgeons (ASES) shoulder score, 18 Penn shoulder score, 10 and Simple Shoulder Test (SST). 18 Physical examination included the following shoulder special tests: Neer impingement sign, the lift-off test, abduction drop-arm test, O'Brien active compression test, Hawkins-Kennedy test, and lag sign at 0 and 90 of abduction.
Strength and Range of Motion Testing
Passive range of motion (ROM) was tested in the following planes using a standard goniometer: flexion, internal rotation (IR) and external rotation (ER) at 90 of shoulder abduction, and ER with arm at side. Strength measurements were performed using a handheld dynamometer (Lafayette Instruments) for shoulder flexion in the scapular plane with maximum humeral internal rotation (empty can), shoulder flexion with humeral external rotation (full can), shoulder abduction at 10 of abduction, and ER at 0 of abduction. The patient was instructed to resist with maximal force, and the tester performed a break test. Two trials were performed in each motion, and the mean of the results was used.
Surgical Technique
The surgical procedures were performed with the patient in the beach-chair position under regional anesthesia. The shoulder was prepared and draped in the usual sterile fashion. A diagnostic arthroscopy via standard anterior and posterior portals was performed. The rotator cuff tendon was debrided, and the greater tuberosity was gently abraded using a bur to allow bleeding from the greater tuberosity footprint. SR repairs were performed with double-loaded 5-mm Bio-Corkscrew anchors (Arthrex). The No. 2 FiberWire (Arthrex) sutures were passed through the cuff using a Scorpion Needle (Arthrex) in a horizontal mattress configuration and arthroscopically tied using a Duncan loop knot. The sutures were placed approximately 10 mm from the tendon edge and approximately 10 mm apart.
DR repairs were performed using the modified DR suture bridge technique. For the medial row, two 5-mm anchors were used (Bio-Corkscrew FT; Arthrex), double loaded with suture (FiberWire). Anchor placement was in the medial footprint at the articular margin. The anchors were placed as far anteriorly and posteriorly as possible within the margins of the tear to maximize the pressurized contact area. Both limbs from each of the 2 sutures were passed through the tendon (Scorpion Needle) at least 5 mm distal to the musculotendinous junction in a double mattress fashion, resulting in 4 mattress stitches medially. After the medial row was tied, the suture limbs were crossed to create suture bridges across the tendon. To complete the lateral row, two 4.57-mm SwiveLock anchors (Arthrex) were fully inserted at an angle perpendicular to the cortical surface at the lateral aspect of the greater tuberosity.
Rehabilitation
Postoperative rehabilitation was identical for both groups. For the first 4 weeks, the affected upper extremity was placed in an abduction sling (Ultrasling II; DJO Global) that was removed 3 times daily for pendulum exercises. Passive ROM up to 90 of forward flexion and 90 of abduction was allowed. Passive ER and IR ROM was restricted to 30 for the first 6 weeks. Scapular mobility and stability exercises were initiated at this time. From the fourth week, passive ROM was extended up to 120 of forward flexion and 120 of abduction. After 6 weeks, passive motion was increased as tolerated. Active motion was encouraged as well as specific training of the rotator cuff in the scapular plane before progressing to the frontal and sagittal planes. Abduction strengthening was initiated between 10 and 12 weeks postoperatively. ER strengthening at 0 of abduction was initiated 10 to 12 weeks postoperatively and progressed to 45 at approximately 16 weeks and 90 at approximately 20 weeks. Patients were in physical therapy 2 to 3 times per week for 3 to 4 months.
Statistical Analysis
Time (preoperative vs follow-up) by treatment (SR vs DR) mixed-model analysis of variance was used to assess the effect of SR versus DR repair on outcome scores, ROM, and strength. Comparison of clinical shoulder tests between SR and DR groups were assessed using chi-square analyses. Improvements in clinical shoulder tests with surgery were assessed using Wilcoxon signed-rank tests. Other between-group comparisons were made using independent t tests or chi-square analyses where appropriate. Based on the normal variability in treatment improvements in ASES scores, 17 it was estimated that with 20 patients per group, an 11-point difference in improvement in ASES scores between SR and DR treatments could be detected at an alpha level of 0.05 with 80% power. A similar estimate was not possible for strength measures because previous studies have not reported strength improvements (and the SD of those improvements). Therefore, unpublished data from repeated strength tests on rotator cuff patients were used. Based on the variability in repeated strength tests for the 4 tests used, it was estimated that with 20 patients per group, an 11-N difference in improvement in strength between SR and DR could be detected at an alpha level of 0.05 with 80% power.
RESULTS
The initial study sample consisted of 49 patients who met the preoperative inclusion criteria and had intraoperative findings of a full-thickness rotator cuff repair that was greater than 1 cm (Figure 1 ). Surgeries were performed between 2007 and 2012. Thirty-six of these patients were available for follow-up at 1 year or more after surgery (20 SR, 16 DR) . Of the 13 patients lost to follow-up, 6 had relocated to another part of the country, 4 were unwilling to come for the long-term follow-up examination, and 3 could not be reached by phone or other means. The remaining 36 patients were followed up with at a mean 26 ± 18 months after surgery (range, 23-84 months). Patients with DR repairs (4 women, 12 men) were older (65 ± 5 vs 61 ± 6 years, P < .05) and weighed more (89.7 ± 18.9 vs 76.9 ± 12.8 kg, P < .05) than SR patients (9 women, 11 men) but did not differ regarding height (1.76 ± 0.79 vs 1.68 ± 1.19 m, P ¼ .08) nor proportions of men and women (P ¼ .30). Tear size and concomitant pathology did not differ between SR and DR groups (Table 1) .
One anterior labral repair was performed, and debridement was performed on the 6 other tears. A debridement was performed on all 4 superior labral anterior-posterior (SLAP) and all 8 biceps tears. Subacromial decompression was performed with 15 of 20 SR repairs and 9 of 16 DR The Orthopaedic Journal of Sports Medicine Double-Row vs Single-Row Rotator Cuff Repair 3 repairs (P ¼ .29). Resection of the distal clavicle was performed with 3 SR repairs and 6 DR repairs (P ¼ .16). SR repairs were performed using a mean 1.8 ± 0.7 anchors (range, 1-4) compared with 3.9 ± 0.7 (range, 3-4) for DR repairs (P < .001).
Functional Outcome Scores
ASES (P ¼ .91), Penn (P ¼ .19), and SST (P ¼ .27) scores did not differ between SR and DR groups prior to surgery. All 3 outcome scores had improved substantially at final followup (P < .001), with similar improvements in SR and DR groups (Figure 2 , A-C). At final follow-up, there was no difference in ASES (P ¼ .21), Penn (P ¼ .73), or SST (P ¼ .76) scores between SR and DR groups.
Clinical Tests
The results for the clinical shoulder tests are provided in Table 2 . With the exception of the lift-off test, all clinical tests were significantly improved at final follow-up (P < .05). For the lift-off test, 53% of SR and 38% of DR patients had positive tests prior to surgery. Despite the high number of positive lift-off tests, only 4 of these patients were found to have a subscapularis test during surgery (all SR). At final follow-up, only 10% (n ¼ 2) of patients with SR repairs (P < .01) but 44% (n ¼ 7) of patients with DR repairs had positive lift-off tests (P < .05). The patients with positive lift-off tests at final follow-up had less passive ROM than the rest of the patients (12 less flexion, 9 less ER at 90 of abduction, and 10 less IR at 90 of abduction; all P < .05). ER ROM at 0 of abduction was not different (4 difference between groups). The drop-arm test, Hawkins-Kennedy test, and lag sign at 0 were negative in all patients at follow-up. Only 1 patient had a positive lag sign at 90
, and only 1 patient had a positive Neer impingement sign. The O'Brien test remained positive in 4 patients (2 SR, 2 DR).
Shoulder ROM
Prior to surgery, passive shoulder ROM was not different between the SR and DR groups (Table 3) . IR ROM significantly improved from preoperative to final follow-up (P < .01), with no difference between SR and DR groups (P ¼ .16). Patients with DR repairs had a 7 loss of ER ROM at 0 of abduction from preoperative to final follow-up (P < .05). At follow-up, patients with DR repairs had 10 less ER ROM at 0 of abduction than patients with SR repairs (P < .01). This effect was not apparent for ER ROM at 90 (5 difference, P ¼ .18).
Shoulder Strength
Strength improved dramatically for all 4 tests from preoperative to final follow-up ( Figure 3, A-D) . Strength improvements were not different between SR and DR groups (P ¼ .23-.75). For all patients, strength improved by 54% in the empty-can test, 66% in the full-can test, 47% in abduction, and 54% in external rotation.
Factors Associated With Outcome
Greater passive shoulder flexion ROM at final follow-up was associated with better ASES (r ¼ 0.37, P < .05) and Penn scores (r ¼ 0.40, P < .05) and similar SST scores (r ¼ 0.32, P ¼ .06). Passive ER ROM at 0 of abduction at final follow-up was correlated with Penn scores (r ¼ 0.36, P < .05), but this association did not reach statistical significance for the ASES (r ¼ 0.32, P ¼ .06) or SST scores (r ¼ 0.21, P ¼ .22). Other ROM tests at final follow-up were unrelated to outcome scores. No preoperative ROM measure was related to final functional outcome scores. Strength measures were unrelated to functional outcome scores. The 4 patients with SLAP tears had worse outcome scores compared with the rest of the patients (ASES, 73 ± 12 vs 92 ± 11 [P ¼ .002]; Penn, 79 ± 15 vs 93 ± 9 [P ¼ .008]; SST, 10.7 ± 1.5 vs 11.5 ± 0.9 [P ¼ .14]). Prior to surgery, 4 patients had grade 4 fatty infiltration (based on the Goutallier classification), 1 patient had grade 3, 1 patient had grade 1, and the remaining patients had no fatty infiltration. Outcome scores were not different between patients with grade 3 or 4 fatty infiltration and the rest of the patients (P ¼ .65-.93).
DISCUSSION
The purpose of this RCT was to compare functional outcome between DR and SR in terms of standardized outcome scores, comprehensive shoulder strength recovery, and standardized clinical tests of rotator cuff integrity and symptomatology. There was no difference between DR and SR groups for outcome scores and strength recovery. Patients with DR repairs had less ER ROM at 0 of abduction than patients with SR repairs and had more positive lift-off tests. were not made on 4 patients who could not comfortably reach 90 of shoulder abduction prior to surgery (2 SR, 2 DR).
The
The most notable finding with respect to the outcome scores was the overall excellent outcome regardless of type of rotator cuff repair. ASES scores averaged 87 and 92 out of 100 for DR and SR repairs, with Penn scores averaging 91 and 92 out of 100, and SST scores averaging 11.4 and 11.3 out of 12, respectively. These ASES scores are comparable to ASES scores reported in previous RCTs. 2, 3, 9, 12 A 12-to 17-point improvement in ASES scores is thought to represent a clinically important improvement. 18 In the SR group, 19 of 20 patients had a !12-point improvement in ASES scores compared with 13 of 16 patients in the DR group. Thus, 89% of patients had clinically significant improvements in ASES scores.
Previous RCTs comparing DR and SR rotator cuff repairs have not reported the effect of surgery on clinical shoulder tests that are routinely used in the evaluation of patients with rotator cuff pathology. In the present study, 71% of patients had a positive Neer impingement sign prior to surgery and 79% had a positive Hawkins-Kennedy impingement test. At follow-up, only 1 patient (3%) had a positive Neer impingement sign, and no patients had a positive Hawkins-Kennedy test. Thus, both treatments successfully eliminated impingement signs (eg, pain) in most patients.
Seven patients with DR repairs and 2 patients with SR repairs had positive lift-off tests at follow-up, but only 1 of these patients had subscapularis involvement at the time of surgery. These patients had less passive shoulder ROM than the patients with negative lift-off tests so this finding might be due to shoulder stiffness. Overall, the 9 patients tended to have lower ASES scores than patients with negative lift-off tests (84 ± 11 vs 92 ± 12, P ¼ .10), but this was not apparent for Penn (90 ± 7 vs 92 ± 11, P ¼ .61) or SST (11.3 ± 1.1 vs 11.3 ± 0.9, P ¼ .90) scores. Four patients had subscapularis tears; all 4 were in the SR group, and the subscapularis tears were contiguous with supraspinatus and infraspinatus tears. These 4 patients had good outcomes (ASES, 96 ± 5; Penn, 94 ± 3; SST, 11 ± 1). Only 1 of these patients still had a positive lift-off test at follow-up. The O'Brien active compression test, drop-arm test, and lag sign at 90 showed significant improvements with treatment while the lag sign at 0 was only positive in 5 patients prior to surgery and negative in all patients at follow-up. Prior to surgery, there were a high number of positive O'Brien tests despite there being few SLAP tears. The resolution of the positive O'Brien tests after rotator cuff repair is likely due to the overall symptom resolution and strength improvement. It is notable that at follow-up, patients with DR repairs had less ER ROM at 0 of abduction than patients with SR repairs. Patients with a DR repair had a loss of ER ROM from preoperative to follow-up. It is possible that increased coverage area in DR repair may have pulled the cuff too far laterally and constrained the anterior aspect of the glenohumeral joint, resulting in loss of ER ROM. This effect was not apparent with DR repairs in previous RCTs. [1] [2] [3] [7] [8] [9] 13 Other ROM measures were not different between SR and DR repairs.
Decreased ER ROM at follow-up was associated with lower Penn scores (r ¼ 0.36, P < .05), with a tendency toward lower ASES scores (r ¼ 0.32, P ¼ .06). Therefore, the loss of ER ROM in the DR patients may have some clinical significance. Flexion ROM at follow-up was also related to outcome scores (ASES: r ¼ 0.37, P < .05; Penn: r ¼ 0.40, P < .05). The combination of flexion ROM and ER ROM at 0 of abduction at follow-up dramatically impacted outcome scores. For the 20 patients with flexion ROM >164 and ER ROM >59
, ASES and Penn scores were 95 ± 7 and 96 ± 5, respectively. By contrast, ASES and Penn scores were markedly lower (P < .01) for the 7 patients with flexion ROM <165
and ER ROM <60 (ASES, 81 ± 17; Penn, 83 ± 16). Therefore, an emphasis on flexion ROM and ER ROM exercises in rehabilitation may improve outcomes after rotator cuff repair.
In the present study, restoration of strength in the empty-and full-can tests, ER, and abduction were shown to be similar between SR and DR repairs (see Figure 2 , A-D 13 demonstrated a 53% improvement in abduction strength and a 71% improvement in ER strength. Strength improvements in the present study were 54% in the empty-can test, 66% in the full-can test, 47% in abduction, and 54% in ER. IR strength was not assessed in this study because in strong subjects it is not possible to perform a break test with the shoulder in 0 of abduction and it is not safe to test patients at 90 of abduction. With respect to the concomitant pathologies, the poor outcome scores for the 4 patients with SLAP tears (and debridement) are notable despite the small number of patients, as the outcome scores were very low (ASES, 73; Penn, 79; SST, 10.7).
While the present results are consistent with several other RCTs with respect to finding no differences in functional outcomes between DR and SR repairs, this study has some limitations. It was estimated that 20 patients per group would provide 80% power to detect an 11-point difference in ASES improvement between groups. Forty-nine patients were recruited to allow for anticipated loss to follow-up. At final follow-up, the intended sample size was achieved for the SR group but fell short by 4 patients for the DR group. Thus it is important to assess whether there was insufficient power to detect a meaningful difference in ASES scores between the DR and SR groups at follow-up. Post hoc power analysis indicated that there was 80% power to detect a 12-point difference in ASES scores between SR and DR groups. A 12-to 17-point difference in ASES scores is thought to be clinically significant. 18 The actual difference in ASES scores was very small (SR, 92 ± 12; DR, 87 ± 12); therefore, it is unlikely that this negative finding is subject to type 2 error. Between-group differences in Penn scores (SR, 92 ± 11; DR, 91 ± 11) and SST scores (SR, 11.3 ± 1.0; DR, 11.4 ± 1.0) were similarly small. Thus, the lack of a significant difference in outcome scores is unlikely to be due to a lack of statistical power.
The lack of any postoperative imaging of the rotator cuff repairs is also a limitation in the present study. The present study sought to focus on functional recovery, specifically a comprehensive assessment of strength recovery and symptomatology with clinical shoulder tests. Other RCTs have not addressed the effect of DR versus SR on the normalization of clinical shoulder tests nor have they examined strength recovery in multiple muscle groups.
The mean follow-up was 22 ± 18 months with a wide range (12-84 months). Thus, it is important to understand the extent to which differences in outcomes between patients were due to differences in the length of time to follow-up. It was apparent that length of follow-up was unrelated to outcome scores (P ¼ .36-.96), ROM results (P ¼ .19-.90), or strength results (P ¼ .11-.46).
CONCLUSION
This RCT found no advantage of DR repair compared with SR repair for medium, large, and massive rotator cuff tears in terms of outcome scores, clinical tests of shoulder function, shoulder ROM, or shoulder strength. Overall results were very good regardless of surgical technique. DR had some loss of ER ROM and a great number of patients with a positive lift-off test at follow-up. Poorer outcomes were associated with a preoperative SLAP tear and limited flexion and ER ROM at follow-up.
